California sea lions breed along the Pacific Coast of the United States, south to Baja California, Mexico, and throughout the Gulf of California. Although the population in the United States has been increasing over the last 15 years, the status in the Gulf of California is unknown. The last published census in 1994 yielded an estimate of 31,393 animals, but some rookeries have subsequently declined in abundance. The aim of this study is to provide a new estimate of population size for California sea lions in the Gulf of California and to examine the relative risk of extinction among thirteen sites using census data from 1970-2004. Our initial population estimate for 2004 is 17,484 including 4,299 pups, and the total number of sea lions when correction factors were applied was between 24,062 and 31,159. Four of the thirteen rookeries exhibited increasing trends: the two northernmost (Consag and San Jorge), the southernmost (Los Islotes), and San Esteban in the central gulf. The remaining rookeries were either stable or declining in abundance. During our analysis of total population and pup production trends, we identified a group of sea lion rookeries that are growing in total numbers and pup production, and exhibit low probability of extinction. Another group shows total abundances decreasing, pup production declining, negative population growth, and a high probability of extinction. Finally, a third group of rookeries exhibit high fluctuations in abundance and no clear
Introduction
By virtue of their large size, morphology, and physiology, marine mammals have been targeted in both commercial and subsistence exploitation. California sea lions (Zalophus californianus californianus) have been exploited for centuries in the Gulf of California (Zavala and Mellink 2000) , and small-scale poaching still occurs to this day. The extent to which sea lions have recovered from past exploitation, and the demographic consequences of this exploitation, are not well understood. Nonetheless, California sea lions are the most abundant pinniped, and have the broadest distribution of any pinniped, in Mexico.
California sea lions range throughout temperate and subtropical waters off the western coast of North America, from southern Canada to the south of Mexico, including the Gulf of California (Lowry et al. 1992) . Breeding areas are located in three geographic regions which are considered different stocks: (1) the U.S. stock that extends from Canada to the U.S.-Mexico border, (2) the western Baja California stock, from the U.S.-Mexico border to the southern tip of the Baja California Peninsula, and (3) the Gulf of California stock (Carretta et al. 2003) . In 1983 the global population included 145,000 animals (Le Boeuf et al. 1983) , and in 2002 the population was estimated in 244,000 to 237,000 animals, representing a recent growth of 5.4% to 6.1% per year (Carretta et al. 2003) . The Gulf of California population of California sea lions comprises thirteen rookeries and sixteen haul-out areas (Aurioles-Gamboa and ZavalaGonzález 1994; Fig. 1) . In 1983, approximately 16% of Mexico's 90,000 animals were estimated to occur in the Gulf of California (Le Boeuf et al. 1983 ). The population was estimated to include 25,354 animals in 1988 (Aurioles Gamboa 1988) and 31,393 animals by 1993 (Aurioles-Gamboa and Zavala-González 1994) . Adult females were the dominant age class (40.7%) in this latter estimate. Maldonado et al. (1995) reported genetic differences between the U.S. stock and the Gulf of California stock. Animals from the central Gulf of California had a unique control region in their mitochondrial DNA, which was not found in individuals of the Pacific Coast. By means of a molecular variance analysis (AMOVA), Schramm (2002) found that the sea lion population was structured in four well-defined groups: (1) Pacific group (which includes the rookeries at Coronados Island, Benitos Islands, Cedros Island, Asunción, and Santa Margarita); (2) southern gulf (Los Islotes), (3) central gulf (which comprises the rookeries of San Esteban, Los Cantiles, Isla Granito, and Isla Lobos); and (4) northern gulf (which includes San Jorge island). Genetic diversity was highest in the northern gulf, and lowest in the Pacific, with an intermediate level of diversity in the central gulf. Based on these results, Schramm (2002) suggests that these four groups be considered as separate management units in conservation plans.
In light of these factors, an evaluation of the status of California sea lions in the Gulf of California is urgently needed. Quantitative analyses of population trends may also be applied to conservation decisions (Gerber and Van Blaricom 2001) . The main goal of this paper was to describe and analyze the population trend of the breeding rookeries of the Gulf of California using census databases to evaluate population status, and pup production of each rookery, as a measure of reproductive success. We summarize 25 years of abundance data for sea lions in the Gulf of California and provide an assessment of population status. We also analyze sea lion population viability for the thirteen sea lion rookeries throughout the Gulf of California and discuss implications for conservation and management. Finally, we discuss the likely fate of this population in face of increasing anthropogenic impacts.
Methods
Historical census data of Z. californianus californianus in the Gulf of California were compiled for sea lion rookeries throughout the gulf from 1976 to 2004 (Table 1) . Censuses were done during the breeding season (within the first 2 weeks of July). In this period most of the population is found ashore, and almost all pups have already being born (GarciaAguilar and , while pup mortality has not caused significant decrease in pup numbers (Aurioles and Sinsel 1988) . Due to the extension of the Gulf of California and numerous rookeries, only one census at this period was conducted during each cruise. Counts were conducted using binoculars and from a boat circumnavigating the islands at a distance of 40 meters (Le Boeuf et al. 1983, Aurioles-Gamboa and Zavala-González 1994) . We calculated the total population size in the Gulf of California by summing the count data for eleven rookeries in 2004, and the most recent census for remaining sites (Table 1) . These data were compared with the last published census year by Aurioles-Gamboa and Zavala-González (1994) for each rookery.
We applied correction factors for both pups and adults to empirical census data. Le Boeuf et al. 1983 found that the number of pups counted on rocky and pebble beaches was 50% higher in abundance than the counts made from a boat; because all the rookeries in the gulf have a large proportion of this type of terrain, we did not calculate specific pup estimates relative the extension of rocky beach at each rookery. Thus, we augmented our boat-based counts by 50% to account for the number of pups that cannot be seen from a boat at all the sites (Le Boeuf et al. 1983) . Also the number of adult females was corrected to account for the number of females that are feeding at sea when the censuses are made. Bonnell and Ford (1987) suggested two correction factors: 23% and 54%, the first one for the first weeks of the breeding season, and the second for the last weeks. These values were estimated at California (USA); because the pupping season is different in the Gulf of California (García-Aguilar These values were higher than 100% because the adjusted number of females was lower than the adjusted pups number. We adjusted them to 100% on the basis that at least there should be an equal number of pups and females. NCfec) = non-corrected fecundity, Afec = adjusted fecundity.
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and Aurioles-Gamboa 2003), we used both numbers to incorporate the full range of uncertainty in these correction factors. We also calculated the fecundity for the last year of data at each rookery. This variable assesses the percentage of females that have a pup, and was calculated as the number of pups divided by the total number of females. We calculated values for both non-corrected fecundity (using census data) and adjusted fecundity (using the mentioned corrections for female and pup numbers).
There are several quantitative approaches for evaluating population status. Our approach focuses on two critical aspects of a population: population size and trends in population size that comprise both average tendencies to increase or decrease and variability about these tendencies due to variability in population growth rates. To characterize patterns of population growth we used the population trend data described above and performed linear regression analysis for each rookery to examine population trends over time. To incorporate variability in growth rates we extracted a maximum likelihood estimator of growth rate and confidence interval about that growth rate (Dennis et al. 1991) . Using this approach, λ was approximated as µ + (σ 2 /2), where µ is a rate that determines how quickly the mean population size changes, and σ 2 determines how quickly the variance increases over time (Morris et al. 1999) . The probability of extinction (PE) requires defining a critical population threshold, or a population size at which population would be effectively extinct. A review of available data for otariids indicates that numerous otariid populations have been reduced to very low densities and have recovered to levels where they are no longer at risk of extinction (Gerber and Hilborn 1999) . For example, several very small populations of pinnipeds, such as northern elephant seals and Guadalupe fur seals, reached populations below 100 individuals and escaped from extinction (Hoelzel et al. 2002 , Weber et al. 2004 ). Thus, reductions in population growth at low densities may not be strong for otariids, and the concept herein should be used as a measurement of which populations are more vulnerable.
As such, we calculated the probability that the population has fallen below a threshold of 1 individual by a specified time in the future. The mean time to extinction is calculated as the difference between the natural logarithm of the initial population size and the extinction threshold, divided by the absolute value of µ (Morris et al. 1999) .
We calculated the probability of extinction and the mean time to extinction for each rookery. These calculations assume no movement between breeding colonies; therefore these estimates should be used only to compare relative risk among populations, since movement between sites is largely unknown. We also calculated the growth rate for the entire gulf (as the median λ of all individual rookeries), and the probability of extinction (multiplying the PE of all individual rookeries). Conversely, the parameters for the entire gulf assume the greatest movement between rookeries.
Results
Our estimated total abundance of sea lions in the Gulf of California in 2004 was 17,484 animals with a pup production of 4,299 (Table 1) . When correction factors were applied, the estimated total number of sea lions was between 24,062 and 31,159 and the pup production 8,598. The most abundant colonies were San Esteban, San Jorge, and Isla Lobos, and the least abundant were F. de San Ignacio, Partido, and Rasito (Table 1) .
Population trends for sea lions in the Gulf of California have changed dramatically since the last published estimate. Compared with the last published estimates of California sea lion populations in the Gulf of California (Aurioles-Gamboa and Zavala-González 1994) , Islotes was the rookery that increased most (50.6%), followed by Consag (42.5%), San Jorge 12.3%, and San Esteban 8.21%. All additional rookeries decreased to varying degrees and the whole population decreased 20.05% (Table 1) .
Trends for each sea lion rookery in time are shown in Fig. 2 , and the regression results between sea lion totals versus years and pup numbers are in Table 2 . Consag, San Jorge, and Islotes populations increased significantly; San Esteban exhibited a marginally significant increase, whereas Granito, Cantiles, Machos, Partido, and F. de San Ignacio decreased significantly. Isla Lobos, and S. Pedro Nolasco rookeries showed a marginally significant decrease, while Rasito and S.P. Mártir showed non-significant decrease (Table 2, Fig. 2) .
Our estimated rate of increase was highest for Rasito, F. de San Ignacio, and Islotes, and lowest for Cantiles and Machos (Table 3) . However, the examination of relative extinction risk analysis suggested that Isla Lobos, Cantiles, Granito, Machos, Partido, S. Pedro Nolasco, and F. de San Ignacio are most vulnerable, while Consag, San Jorge, San Esteban, and Los Islotes are comparably viable (Table 3 ). The population growth for the whole gulf indicates that it is stable (1.037), and the probability of extinction was very low (2. 24 × 10 -27 ). When comparing the periods of time in which each rookery increased or decreased, we observed some common patterns. First, the three rookeries of the northern gulf (Consag, San Jorge, and Isla Lobos) increased from the late 1960s to 1984. The first two continued growing until 2004. Granito and Rasito increased until 1986 and then declined. Rookeries of Angel de la Guarda (Cantiles, Machos, Partido) grew until 1989-1990 and declined. At S.P. Mártir and San Esteban an important drop occurred in 1992 followed by recuperation.
Pup production decreased significantly at Cantiles, Los Machos, and F. de San Ignacio, while Granito, Rasito, and S.P. Mártir showed non-significant decreases. Remaining rookeries increased significantly 1980 1984 1988 1992 1996 2000 2004 1980 1984 1988 1992 1996 2000 2004 1986 1989 1992 1995 1998 2001 2004 1976 1980 1984 1988 1992 1996 2000 2004 1976 1980 1984 1988 1992 1996 2000 2004 1980 1984 1988 1992 1996 2000 2004 1980 1984 1988 1992 1996 2000 2004 1980 1984 1988 1992 1996 2000 2004 1980 1984 1988 1992 1996 2000 2004 1980 1984 1988 1992 1996 2000 2004 1980 1984 1988 1992 1996 2000 2004 1980 1984 1988 1992 1996 2000 2004 1976 1980 1984 1988 1992 1996 2000 (Los Islotes, Partido, and Nolasco) (since 1992), or non-significantly (Consag, San Jorge, Isla Lobos, and San Esteban) ( Table 2 ). Islotes and San Esteban showed the greatest non-corrected fecundity (more than 75%) while Lobos and Rasito had the minimum proportion of pups (less than 26%) ( Table 1 ). The fecundities in 2004 show that a bit more than half of the females in the gulf produced a pup. For the corrected fecundity values we found the same trends; when using the 23% correction factor for females fecundity values were higher; and when the 54% correction factor was applied the fecundity values were lower. The global fecundity value was 48.2% as a minimum and 80.7% as a maximum.
Discussion
Our results indicate that the sea lion population in the Gulf of California has declined since the last published report (Aurioles-Gamboa and ZavalaGonzalez 1994) . While the total population of Z. californianus californianus is growing, the rookeries in the Gulf of California are decreasing as a whole. Only four colonies are significantly increasing, while the remaining populations are either stable or declining in abundance. According to these trends, we discuss three patterns of population trends for sea lions in the Gulf of California.
1. Rookeries that are growing in total numbers and pup productions: Consag, San Jorge, Los Islotes, and since 1992: San Esteban and S.P. Nolasco. Except for the latter, they all have low probabilities of extinction.
2. Rookeries whose abundance is declining, and have a maximum probability of extinction: Granito, Los Cantiles, Los Machos, Partido, and F. de San Ignacio.
3. Rookeries that are fluctuating widely or did not show any clear trend in their regressions: Isla Lobos, Rasito, and S.P. Mártir.
The first group of rookeries may be considered viable breeding units, particularly San Esteban and Los Islotes which exhibited high pup production. The rookeries in the second group may be of considerable conservation concern as they all declined more than 45% since the last published estimate (Aurioles-Gamboa and Zavala-González 1994 ). Partido's pup production is increasing significantly so it may be in the process of recovery. Only Cantiles and Machos had a growth rate slightly lower than one, and seem to be the most vulnerable (Table 3 ). The rookeries of the third group may have different fates in the future, some may recover while others may continue to decline. Isla Lobos may have a better opportunity of recovering due to its relative high abundance. Rasito is a small population and exhibited a significant increase in abundance between 1976 and 1986, followed by a significant decline between 1987 and 2002; therefore the status of this population is difficult to assess.
Fecundity varied according to the estimation method (i.e., without corrections, with 23% or 54% correction to females, and 50% to pup numbers). This suggests the importance of estimating a site-specific correction factor for pup production for rookeries in the Gulf of California. Nevertheless, San Esteban and Los Islotes showed the greatest fecundities, which is concordant with their increasing trends. The lowest fecundities were at Isla Lobos and Rasito, which are in the third group, implying that in the future they may continue to decline.
It should be noted that the time period length of the census data for these rookeries is limited. Morris et al. (1999) recommended using at least ten years of census data for the diffusion approximation approach. In relation to the accuracy of our PVA analysis, Consag, San Jorge, and Isla Lobos had less than ten years of count data, so we suggest that the conclusions for those sites should be considered with caution. None- µ = mean population, σ 2 = variance, λ = population growth rate, PE = probability of extinction for a population threshold of 1 individual, and MTE = mean time to extinction. Both PE and MTE assume no movement between breeding colonies. PE for entire gulf was calculated by multiplying PE of all individual rookeries, and λ as the median of all individual rookeries.
theless, our results may offer some provisional guidance to assess the relative measures of the health of the sea lion populations in the Gulf of California. Many factors are potentially important in determining population trends for sea lions in the Gulf. These include (1) contamination, (2) diseases, (3) human disturbance, including tourism, (4) illegal killing including incidental catch, and (5) decrease in prey availability. High content of contaminants such as DDT and PCBs have been reported in Zalophus californianus from California (e.g., Kannan et al. 2004 ) and linked to physiological impairments (Debier et al. 2005 ) and cancer associated mortality . However, data on these kinds of contaminants are not available for the Gulf of California. Due to the relatively low industrialization and little freshwater discharges, we suspect this may not be a significant problem in the gulf. Unpublished data of metal content in bone of California sea lions from 10 rookeries suggest that the highest level of the most dangerous metals (As, Hg, and Pb) concentrates around Angel de la Guarda Island (decreasing populations) and at Los Islotes (increasing population) (Szteren and Aurioles unpubl.) . However, the relationship between high levels of these metals, health condition, and mortality are unclear.
Little information exists regarding diseases and their effects on population dynamics. Some studies indicate the presence of Leptospira (Godínez et al. 1999 , Acevedo-Whitehouse et al. 2003 , but no mass mortality events have been recorded in the Gulf. Osteoarthritis and osteomyelitis in skull bones have a decreasing trend in frequency from north to the south Gulf of California (Aurioles et al. Accepted) , with no apparent relationship with the decreasing sea lion population pattern focused in the central Gulf.
Most of the islands where sea lions have rookeries are protected as the "Islas del Golfo de California Natural Reserve"; thus anthropogenic impacts are relatively low. Sea lion-fisheries interactions exist along the Gulf of California, with some artisanal fishing gear affecting species such as the vaquita (Phocoena sinus) (D'Agrosa et al. 2000) . The incidence of sea lion entanglement measured as the percentage of sea lions with net scars or with net debris varies between 0 and 2.5% in populations of the central gulf (Zavala and Mellink 1997) . However, the rookery with the highest entanglement index (7-9%) is Los Islotes (Harcourt et al. 1994 , and receives the maximum tourism visitors and a high incidence of disturbance (Labrada and Aurioles accepted). Nevertheless, it is one of the rookeries with a higher population increase.
No data on illegal killing are available for the gulf; however, we suspect that poaching by artisanal fishermen occurs, but is limited as the islands and rookeries are surveyed and viewed by government representatives, tourists, and researchers.
Finally, prey availability is another possible cause that may affect the local or regional abundance of pinnipeds (Trillmich and Ono 1991) . Many pinniped populations exhibit seasonal fluctuations according to the availability of their main prey (e.g., Ainley et al. 1982, Trites and Donnelly 2003) . With the exception of F. de San Ignacio, breeding areas that were most vulnerable are situated on or near Angel de la Guarda Island. This area has great concentrations of the Pacific sardine (Sardinops caeruleus) year-round (Lluch-Cota and Lluch-Belda 2000). Moreover, dietary studies have correlated the distribution pattern of the Pacific sardine with the importance of this prey in the sea lion diet (García-Rodríguez and Aurioles-Gamboa 2004) . There is some evidence for a possible relationship between the decline of sea lion colonies in the central gulf and sardine abundance. First, the surroundings of Angel de la Guarda Island is a very variable ecosystem, where the sardine is one of the most important components, influencing many other groups in the system. Sardine catches have been highly variable, being one of the major pelagic fish in the Gulf of California (Nevárez 2000) . Second, the Pacific sardine was the dominant prey at the Los Machos rookery (García-Rodríguez and Aurioles-Gamboa 2004) , and this rookery is declining dramatically. This may also be occurring at Cantiles, Granito, and Rasito given their close proximity to Los Machos. Third, from 1989 to 1992 a sharp decrease on sardine fisheries occurred, in which landings dropped from 292,000 tons in 1988-1989 to less than 7,500 tons in -1993 (Cisneros-Mata et al. 1995 . This coincided with the time in which most rookeries in the Gulf of California showed decreasing trends, again, reinforcing the idea that sea lion abundance fluctuates with sardine landings.
Another consideration that may contribute to population trends is the diversity of the sea lion diet. For example, Merrick et al. (1997) found the greatest rates of decline in areas with low diet diversity of Steller sea lions of the Gulf of Alaska and the Aleutian Islands. In the Gulf of California, García-Rodríguez and Aurioles-Gamboa (2004) found that S.P. Mártir, Rasito, and San Esteban rookeries support high prey diversity, while Los Machos, Los Cantiles, and Granito depend on a smaller diversity of prey. Populations at the latter sites may be more susceptible to the influence of changes in the abundance or availability of preferred prey.
Sea lions in the Gulf of California may be particularly vulnerable because of their small population size and potentially significant population subdivision. While the Gulf of California has many small sea lion rookeries, the U.S. stock includes four large colonies with a total of 138,881 animals (Carretta et al. 2003) . According to Schramm (2002) the movement of animals between different areas is very low. The magnitude of the divergence between groups suggested that females do not migrate between regions. The causes that could inhibit these migrations might be ethological factors such as female philopatry or ecological factors such as patchy distribution of prey (Maldonado et al. 1995) . At least one of the three groups of rookeries defined by Schramm (2002) (the central region) has many rookeries that are decreasing markedly and should be considered vulnerable in conservation strategies. The situation in the northern and southern gulf may be more optimistic, but many of these colonies were not included in Schramm's genetic study. Moreover, the level of interchange of animals between different areas is largely unknown. Future research should address these uncertainties, but precautionary management in the face of these unknowns may be warranted.
